The incidence of all spontaneously occurring histologic lesions was determined for control (F-344) rats from 90-day (13-wk) prechronic National Toxicology Program (NTP) toxicity studies. A total of 319 rats, represented by control groups of 10 males and 10 females each from dosed feed ( n = 8), inhalation ( n = 4), and gavage ( n = 4) studies were included in the review. All protocol required tissues routinely collected for evaluation were reexamined for potential nonneoplastic and neoplastic lesions. Histopathologic findings in tissues included a spectrum of degenerative and inflammatory lesions. The most common lesions in male rats were nephropathy [145/160 (90.6%)] and cardiomyopathy [125/158 (79.1%)]. These changes were also present in the female rats, however, at much lower incidence rates [nephropathy = 30/157 (19.1%); cardiomyopathy = 36/158 (22.8%)]. Other less frequently occurring lesions included inflammation of the preputial [36/152 (23.7%)] and clitoral [34/155 (21.9%)] glands and inflammation of the liver consisting of either foci of mononuclear inflammatory cells [19/159 (11.9%) in males and 33/159 (20.8%) in females] or focal granulomatous inflammation [1/159 (0.6%) in males and 14/159 (8.8%) in females]. Pancreatic acinar cell atrophy occurred in both males [11/160 (6.9%)] and females [8/159 (5.0%)]. A variety of other less common nonneoplastic lesions were identified in both sexes of rats. Also recorded in this review are histologic changes generally considered to be components of the normal morphology of a particular tissue or organ for the F-344 rat (i.e., extramedullary hematopoiesis and hemosiderin deposition in the spleen, renal mineralization, uterine dilation, etc.). These findings were included and discussed due to potential treatment effects that may result in an increase or decrease in these changes compared to controls. Neoplasms were not observed in rats from the prechronic studies evaluated.
INTRODUCTION
Accurate assessment of the potential toxicologic or carcinogenic effects of a chemical compound in rodents may be difficult if the incidence of spontaneously occurring background lesions for the species, sex, and strain of test animal are unknown. There is little compiled data on the background lesions observed in young Fischer-344 (F-344) rats used for 90-day toxicity studies. The purpose of this report is to summarize and discuss the background incidence of histologic lesions observed in 19-21- wk-old male and female F-344 rats used as untreat-ed or gavage controls in the National Toxicology Program's (NTP's) 90-day toxicity studies.
METHODS
Tissue sections from groups of 10 male (total = 160) and 10 female (total = 159) control F-344 rats were reviewed from randomly selected gavage (n = 4), inhalation (n = 4), and feed (n = 8) studies. All of the above were 90-day ( 13-wk) toxicity studies conducted by the NTP at 6 different contract laboratories. Housing conditions for rats were standardized in each laboratory according to the NTP's Statement of Work document.
For each animal a complete necropsy was performed and included gross and microscopic examination of major organs and all gross lesions. The tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 6 ~m, and stained with hematoxylin and eosin.
Tissues examined microscopically included spleen, liver, heart, lung, kidney, preputial gland, clitoral gland, testis, ovary, prostate, thyroid gland, thymus, adrenal gland, Harderian gland, brain, esophagus, larynx, bone and bone marrow, large intestine, small intestine, lymph node (mesenteric), skin/mammary gland, nose, pancreas, pituitary gland, salivary gland, seminal vesicle, epididymis, stomach, trachea, urinary bladder, and uterus. In a few instances, a particular tissue was not available for microscopic ex- amination and this is reflected in Table I as the number examined for each tissue. The larynx was a protocol required tissue only for the inhalation studies; although, laryngeal tissues were collected from 10 male and 11 female rats in 2 gavage studies.
RESULTS

Incidence of Nonneoplastic Lesions
The incidences of the lesions observed are shown in Table I . There were no significant differences in the severity of lesions between the different (feed vs. inhalation vs. gavage) control groups.
Urogenital System
Nephropathy was observed in 90.6% (145/160) of the males and 19.1 % (30/157) of the females. The nephropathy was bilateral in 33.8% (49/145) of the affected males and 10% (3/30) of the affected females. Minimal nephropathy in both males and females was characterized by 1 or 2, but occasionally as many as 6-7 randomly scattered foci composed of cross sections of (approximately 1-10) basophilic-staining regenerative tubules (Fig. 1 ). In females, this lesion consisted of focal tubular regeneration; however, occasionally in males thickening of tubules in the regions of the basement membrane and rarely dilated tubules containing eosinophilic, homogeneous protein casts were observed. Nephropathy ranged from minimal to mild in severity with a focal to multifocal distribution.
Mineralization of the renal medulla was common in female rats with 77% (121/157) being affected. Renal mineralization was characterized microscopically by foci of basophilic crystalline or lamellated concretions primarily at the junction of the inner and outer stripes of the outer medulla (Fig. 2 ); although rarely, foci of mineral were present at the junction of the inner stripe of the outer medulla and the inner medulla. Mineralization was not diagnosed in the kidneys of male rats in this review. Occasionally in a male rat, the lumen of a renal tubule contained a focus of mineral; however, these foci were rare and not readily evident without ex- tensive histologic examination of kidney sections. Slightly above 1 % (2/160) of the male rats had subserosal mineralization of the urinary bladder, which consisted of accumulation of mineral between the outer muscle layer of the bladder wall and the serosa (Fig. 3 ). This uncommon finding was not present in the urinary bladders of female rats.
Cystic enlargement of the ovarian bursa occurred in 7.5% (12/159) of the female rats. The cystically enlarged bursae were typically observed at necropsy, and microscopic features were limited to distension of the ovarian bursa by an accumulation of an eosinophilic staining fluid (Fig. 4 ). A cystic follicle was present in the ovary of 1 / 159 (0.6%) of the female rats.
Dilation of the uterine horns is another change that was typically observed at necropsy and was present in 13.8% (22/159) of the female rats. Grossly, these lesions were described as having accumulations of excessive amounts of fluid within the lumen of the affected uterine hom. Decidual alteration (reaction) ( Fig. 5 ) of the uterus characterized by focally extensive areas of hyperplastic and hypertrophied eosinophilic, round, oval to somewhat elongated cells (thought to be endometrial stromal cells) subcapsular in location, and minimal to mild in severity; however, a few inflammatory cells were found in the periductal regions. Many of the clitoral gland ducts had intraluminal accumulations of a lightly basophilic granular material that was negative when stained with periodic acid Schiff (PAS), Von Kossa's, and Brown and Brenn special stains.
Preputial gland changes in the male rats were similar to those observed in the clitoral gland of females. Inflammatory cell infiltrates were present in 23.7% (36/152) of the preputial glands and occurred unilaterally in 83.3% (30/36) and bilaterally in 16.7% (6/36) of the affected males. Involvement of the preputial gland duct was observed in less than 5.0% of the males and consisted of intraluminal and mucosal infiltrates of mononuclear cells and neutrophils. Intraluminal infiltrates were mixed with a lightly basophilic secretory material similar to that observed in the ducts of females. A granuloma associated with a foreign body occurred in the preputial gland of ll 152 (0.7%) of the male rats. Suppurative or mononuclear cell inflammation was present in the prostate glands of 3/ 160 male rats. There were no changes Atrophy of the seminiferous tubules was an uncommon lesion and occurred in 2% (3/150) of the control male F-344 rats. Testicular atrophy was present in both testes of 1 out of 3 of the affected rats.
Histologically, the lesion was usually focal in distribution, minimal to mild in severity, and characterized by a loss of germinal epithelium in seminiferous tubules, minimal numbers of Sertoli cells, and few or no spermatogenic cells. Interstitial cell hyperplasia was observed in 0.7% (1/150) of the male rats.
Cardiovascular System
Cardiomyopathy was a common histopathologic finding in male rats. Approximately 79.1% (125/ / 158) of the male rats had cardiomyopathy, compared to only 22 multifocal in the males and usually focal in females. In general, the lesions were more severe in males than females and severity ranged from minimal to mild. Histologically, lesions were random in distribution and consisted of myofiber degeneration and necrosis, and inflammatory infiltrates of mononuclear cells associated with a few neutrophils ( Fig. 6 ).
Occasionally, there was hemorrhage associated with these areas.
Digestive System
Minimal focal infiltrates of mononuclear inflammatory cells were observed in the liver of 20.8% (33/159) of the female and 11.9% (19/159) of the male rats. The inflammatory foci were located most often in the periportal regions. Small ( < 100 Am in diameter) foci of inflammation were usually not associated with areas of hepatocellular necrosis or cytologic changes. However, larger (> 100 Am in diameter) inflammatory foci were associated with necrosis of single hepatocytes. Focal was most commonly observed in the periportal regions. Minimal centrilobular and periportal hepatocellular vacuolation was noted in the liver of 3.8% (6/159) of the male and 1.3% (2/159) of the female rats. This change was not associated with inflammatory cell infiltrates. Cystic degeneration of hepatocytes, extramedullary hematopoiesis (EMH), and sinusoidal dilation were observed in less than 1-2% of the male rats.
Acinar cell atrophy was present in the pancreata of 6.9% (11/160) of the male and 5.0% (8/159) of the female rats (Fig. 7) . The atrophy was focal to multifocal in distribution and minimal in severity. Atrophy consisted of a decrease in the size and number of acini and was associated with increased amounts of interstitial tissue, increased numbers ol small duct-like structures lined by low cuboidal basophilic epithelium, and increased interstitial infiltrates of lymphocytes and macrophages. Minimal mononuclear inflammatory cell infiltrates withoul acinar atrophy were present in the pancreas of 1 male rat from an inhalation study.
Minimal focal acinar cell hyperplasia was ob. Respiratory System Osseous metaplasia of the alveoli and mineralization of arterial walls were observed in less than 2% of the male rat lungs examined; however, these changes were not present in the females. Individual or clusters of approximately 3-5 histiocytes were present within the alveolar sacs of the lungs of 5 5.3% of the male (88/159) and 52.8% (84/159) of the female rats.
Peribronchial, peribronchiolar, and perivascular mononuclear inflammatory cell infiltrates were noted in 13.8% (22/159) of the male and 11.3% (18/ 159) of the female rats and were thought to have occurred secondarily to an unidentified infectious agent. Inflammation of the larynx was present in 18% (9/50) of the males and 23.5% (12/51) of the females from the inhalation studies. One male rat had chronic laryngeal inflammation associated with a foreign body. There were no significant histopathologic changes noted in the tracheas and noses of female ( 15 9) and male (160) rats.
Hematopoietic! Lymphoid Organs EMH and hemosiderosis (hemosiderin deposition) were present in 100% of the male (159/159) and female (159/159) rat spleens examined and considered a normal histologic feature of this tissue (data not shown). Both changes were generally more pronounced in the female rats. There were no differences in males or females from the different studies (gavage vs. feed vs. inhalation). Microscopically, EMH was characterized by random foci of small round erythroid-precursor cells having intensely basophilic centrally located nuclei. Megakaryocytes and myeloid cells were also present but were less prevalent than the erythroid cells. These foci of hematopoietic cells were present throughout the splenic red pulp.
Hemosiderosis was characterized by hemosiderin-laden macrophages primarily in the red pulp. A few of these brown pigmented cells were sometimes present in the marginal zone or within the connective tissue hilus of the spleen. Hemosiderin accumulation was more pronounced in the females than males, and this difference could be easily demonstrated by use of an iron stain.
Other findings included congestion of the red pulp in nearly 100% of the spleens (data not shown). The degree of congestion varied from animal to animal regardless of sex or type of study.
Foci of histiocytic cell infiltrates were observed in the bone marrow of 1.3% (2/159) of the female rats; however, this change was not observed in the male rats. The infiltrates were characterized by aggregates of histiocytic cells resembling granulomas surrounded by zones of mononuclear inflammatory cells (Fig. 8) .
Thymic lesions consisted of focal to multifocal areas of minimal hemorrhage in 6.3% (10/160) of the male and 5.7% (9/159) of the female rats. In 1 female rat, cystic duct-like structures were found adjacent to the thymic capsule and extended into the parenchyma. The ducts were focal in distribution and were lined by 1-3 cell layers of epithelia showing squamous metaplasia of cells adjacent to the duct lumen. The lumens contained desquamated epithelial cells and necrotic cellular debris with minimal mononuclear cell infiltrates.
Minimal hyperplasia of the gut-associated lymphoid tissue (GALT) of the small intestine occurred in 0.6% (1/159) of the female rats. Diffuse histiocytosis of the mesenteric lymph node was present in 1.3% (2/159) of the female rats.
Endocrine System
Less than 2% of the females (2/158) and males (3/159) had accessory cortical nodules of the adrenal gland ( Fig. 9) . Microscopically, the nodules con-riG. v. -aarenai gianci, r-s44 rat. Accessory aurenai cortical tissue (arrows) in capsule. Note normal cellular architecture and encapsulation. H&E. Bar = 150 jum. sisted of normal architectural structures of the cortex, including a capsule. Adrenal medullary cells were not present in the accessory nodules. In less than 1 % of the male and female rats, the adrenal gland had minimal mononuclear inflammatory cell infiltrates primarily within the zonae fasciculata and reticularis of the cortex and occasionally at the corticomedullary junction. Bilateral cortical granulomas were observed in the adrenals of 1 11 8 (0.6%) of the female rats. Focal or diffuse areas of cytoplasmic vacuolation of the adrenal cortical cells were present in 3.8% (6/159) of the males and 0.6% (1/ 158) of the females. Cytoplasmic vacuolation primarily involved the cortical cells within the zona fasciculata and occasionally extended to the corticomedullary junction. The cells contained multiple small or large coalescing cytoplasmic vacuoles suggestive of lipid.
Ultimobranchial cysts were present in the thyroid glands of 8.9% (14/158) of the male and 9.7% (15/ 155) of the female rats (Fig. 10 ). Histologically, the cysts were lined by squamous epithelium and the lumens contained cellular debris.
A cyst within the pars distalis of the pituitary gland was noted in 0.6% of the male (1/160) and female ( 1 / 15 9) rats. 
Nervous System
No histopathologic changes were observed in the brain tissue of 160 male and 159 female rats examined.
Miscellaneous Organs
Focal inflammation was the only lesion that was present in the Harderian gland and was characterized by infiltrates of mononuclear cells. Inflammation occurred in 12.5% (11/88) of the male and 34.1% (31/91) of the female rats.
DISCUSSION
Spontaneous inflammatory and degenerative histopathologic changes in a number of organs are common in F-344 rats used for toxicity and carcinogenicity studies. The morphology of these lesions has been described for aged and weanling rats; however, there are no reports on the incidence and severity of the spontaneously occurring lesions in 19-21-wkold F-344 rats, the age of rats that are typically evaluated for treatment-related lesions in 13-wk prechronic toxicity studies (8, 21, 22) . Nephropathy of the F-344 rat is an important spontaneous, progressive renal disease that is more common and severe in males than females. In toxicity studies, morphologic features of many renal lesions in the rat are often readily identified as clear treatment-related effects. For example, papillary necrosis, tubule epithelium necrosis, pigmentation, or hyaline droplet nephropathy are lesions that rarely or never occur in control rats. However, a treatment-related renal effect sometimes may be evident only as a mild exacerbation or increase in the incidence and severity of spontaneous nephropathy, particularly in male rats. For this reason, criteria established for grading rats of each sex must be followed carefully to detect minimal treatment-related increases or decreases in the incidence and severity of nephropathy. In routine histologic sections of the kidneys from a control male F-344 rat, it is typical to find at least I focus of regenerative tubules; frequently, several or more of these foci are present and bilateral lesions are not uncommon. When nephropathy occurs in young, control female F-344 rats, it is usually of a minimal severity grade and characterized by the presence of only 1 or 2 small foci of tubular cell regeneration and is often seen in only 1 of the 2 kidney sections.
In this study, the female rats had renal mineralization that was primarily at the junction of inner and outer stripes of the outer medulla. This change is normally seen in female F-344 rats and may occur as early as 3-5 wk of age (8) . The exact cause of renal mineralization is unknown; however, it can occur in both sexes of rats as a result of chemical administration (16) . Mineralization of the kidney is also increased in rats fed semisynthetic and regular laboratory diets and is thought to be related to imbalances of calcium, phosphorus, chloride, magnesium, water load, lipid, and protein ( 1, 4, 12) . Also, estrogens have been found to be essential for the development of renal mineralization because ovariectomized rats did not develop the condition and replacement therapy with estrogens in gonadectomized animals of either sex resulted in renal calcification (7) .
Cardiomyopathy is a spontaneous, progressive lesion in F-344 rats that is generally more common and more severe in males than in females. The etiology of spontaneous myocardial disease is unknown ; however, it has been reported that severity and age of onset are modulated by diet, environment, and stress (14) . The incidence and severity of this lesion in toxicity studies may be affected by treatment (3) .
In the liver, foci of mononuclear inflammatory cell infiltrates and granulomatous inflammation were most often observed in the periportal areas and were more common in female rats. The foci of mononuclear inflammatory cells must be distinguished from the hyperchromatic staining of erythroid-precursor cells, which are present in foci of EMH in the liver. It has been suggested that these inflammatory lesions occur secondary to increased numbers of certain bacterial species present in the enterohepatic circulation (5) . Treatment-related increased incidence and severity of hepatic granulomas may occur in prechronic toxicity as well as chronic carcinogenicity studies (17, 19) . Another change observed in this study was cytoplasmic vacuolation of hepatocytes. This lesion occurred more commonly in males than females and was minimal in severity. Minimal cytoplasmic change of hepatocytes must be differentiated from the artifactual vacuoles that occur in male rats as a result of delay in the time of necropsy following euthanasia (24) . A number of other lesions including cystic degeneration of hepatocytes, EMH, and angiectasis (sinusoidal dilation) were rarely observed in the liver; these findings are more common in older F-344 rats, particularly as a component of other liver lesions (5) .
Other lesions of the gastrointestinal tract were generally uncommon. Acinar cell atrophy of the pancreas was observed in 5-7% of the male and female rats examined in this study. Focal or lobular atrophy of the acinar pancreas is reported to be the most common spontaneous degenerative change occurring in the pancreas of aged F-344 rats (6) . Focal hyperplasia of the acinar cells and mononuclear cell inflammation were observed in salivary glands of male rats only.
EMH and hemosiderin accumulation are normally present in the spleen of all male and female rats. For this reason these histologic features are generally not diagnosed unless they are considered to be out of the range of normal variation seen in controls. Although these are considered normal histologic components of the spleen, they are important to evaluate as chemical effects may increase or decrease hematopoiesis or hemosiderin relative to that in controls (11, 19) . In the spleen of young control F-344 rats, EMH and hemosiderin deposition are generally more prominent in the females than males; however, in aged F-344 rats the degree of EMH in the spleen is much more variable within and between sexes (23) . Congestion of the splenic red pulp was not recorded in this review; it was present to some degree in all animals examined and considered to be an inherent normal variation in amount of blood accumulation within the sinusoids of the red pulp. In toxicity studies, treatment may markedly increase splenic congestion. It is important that variables such as type of anesthesia for euthanasia and amount of blood sampling or exsanguination at necropsy are consistent between groups.
The only change seen in the bone marrow was focal granulomatous inflammation (histiocytic infiltration). This lesion was only seen in 2 female rats in this review and has been reported to occur occasionally, primarily in young adult and aged female rats (15) . Histiocytosis occurred in mesenteric lymph nodes of a few rats. Although macrophages are normally present in all lymph nodes, the prominent accumulation of macrophages, sometimes forming focal granulomas may be a treatment-related effect in toxicity studies ( 18, 19) .
Hemorrhage in the thymus was a minimal focal acute lesion that was probably related to necropsy procedures. There was no necrosis, inflammation, hemosiderin accumulation, or other changes in the thymus to suggest this lesion had occurred prior to necropsy. Epithelial cysts in the thymus of a female rat differed from epidermal cysts occasionally observed in young and aged female rats in that there were no adnexal structures associated with these cysts. The thymic cysts observed in this female rat may represent remnants of the thymopharyngeal duct.
In the respiratory tract few spontaneous lesions were identified. Focal osseous metaplasia of the alveoli and focal areas of mineralization within the wall of branches of the pulmonary artery were present in male rats. Many of the male and female rats had single to focal clusters of histiocytes in the alveolar sacs. In a few rats from 5 studies there were microscopic lesions suggestive of viral pneumonitis and characterized by peribronchial/bronchiolar and perivascular infiltrates of mononuclear inflammatory cells, hyperplasia of type II cells, and variable numbers of histiocytes within the alveolar lumens. Focal slight thickening of the alveolar septa due to infiltrates of inflammatory cells was also observed. The morphology of these lesions was suggestive of a viral infection such as rat corona virus (RCV); however, serology results were consistently negative.
Histologic changes in the genital tract of females consisted of cystic enlargement of the ovarian bursa, cystic ovarian follicles, dilation of the uterine horn, and decidual reaction of the uterus. Cystic enlargement of the ovarian bursa is a common finding in female F-344 rats that is usually seen grossly. This lesion is characterized by a distended, fluid-filled sac that collapses upon incision to expose an intact ovary within the bursa (2) . Cystic dilation of the ovarian follicles was rare in the young control female F-344 rats examined in this study. However, when present this change must be differentiated from large preovulatory follicles in which the oocytes have not been included in the plane of section. Decidual reaction of the uterus was observed in 2/159 young F-344 female rats. This uterine stromal change is often referred to as deciduoma and is thought to be a proliferative response of stromal endometrial cells that is histologically similar to decidual implantation sites (13) .
Focal and minimal inflammation was a common finding in the stroma of the clitoral and preputial glands of rats. Because these focal lesions are often subcapsular, variation between animals in the orientation of these glands in the block may affect the incidence of this lesion. The inflammatory infiltrates were less severe and occurred less frequently than inflammatory lesions observed in the preputial and clitoral glands of old rats. Abscessation and proliferative lesions and gross enlargement of the glands commonly seen in animals on chronic toxicity/carcinogenicity studies were not present in rats from this study. Accessory (adreno)cortical nodules were present in less than 2% of the male and female rats. This lesion is commonly observed in aged male and female F-344 rats and is thought to represent segmented fragments or multiple cortical primordia of adrenal gland (9) . Cortical cell vacuolation of the adrenal gland was observed primarily in male rats and involved the zonae fasciculata and reticularis.
This histologic change is also seen in aged animals and is reported to be more common in rats with pituitary neoplasms. Cortical cell vacuolation is thought to represent intracytoplasmic accumulations of neutral lipids (9) . Treatment-related cytoplasmic vacuolar changes are also seen in the adrenal cortex (20) . Ultimobranchial cysts were present in the thyroid glands of approximately 9-10% of the males and female rats evaluated in this study. These congenital cysts usually occur centrally within the gland and are thought to arise from the ultimobranchial body during embryonal development (10) .
In summary, this report presents the incidence and histomorphological features of background lesions that occur in control F-344 rats from 13-wk toxicity studies. Many treatment effects in various organs are readily identified as unique changes that rarely or never occur in control animals. However, to identify more subtle treatment effects that may alter the incidence or severity of a spontaneously occurring lesion, it is important to have a well-char-acterized control data base to permit better assessment of potential treatment-related changes.
